Background: Results of cost-of-illness studies in dementia have shown a considerable divergence in costs of medication for persons with dementia. However, detailed economic analyses of medication costs for community-dwelling persons with dementia are currently still missing, especially on the basis of primary data. Objective: To determine medication cost, cost per drug, and number of drugs taken of community-dwelling persons with dementia and analyze their associated factors; to estimate the current price reduction of anti-dementia drugs due to implementation of low-priced generics. Method: The present analysis included 205 patients screened positive for dementia. Medication data were assessed within a medication review. To estimate the cost effect of implementing generics, the most favorable equivalent generic was assigned to each anti-dementia drug. Factors associated with medication cost, cost per drug, and number of drugs taken were evaluated using multiple regression models. Results: Medication cost and cost per drug were higher and the number of taken drugs lower in advanced stages of cognitive impairment. Prescription of anti-dementia generics could decrease overall medication cost by 28%. Medication cost was associated with number of diagnoses, deficits in activities of daily living, and age. Dementia severity was related to cost per drug and number of drugs taken. Conclusion: Medication cost increases with the number of diagnoses and growing deficits in activities of daily living and decreases with age. Severely cognitively impaired persons are treated with a small number of high-priced drugs, which could suggest inadequate medication of multimorbid persons.
INTRODUCTION
In industrialized nations, demographic changes are leading to a rapid increase in the number and proportion of the elderly [1] . This goes along with an increase of prevalence and incidence of age-associated illnesses, such as dementia, which has become a major challenge for the health care system [1] [2] [3] [4] . Dementia is associated with substantial health care costs. In 2008, Germany spent D 10.457 billion (US $14.215 billion 1 ) solely for dementia in the population aged 65 and older, including medical and formal nursing care cost from a payer perspective [5] . Focusing on this population, dementia caused 8.4% of the overall health care costs [2] . Therefore, dementia is one of the most expensive diseases in old age, and the ongoing demographic change will thereby have a major impact of expenditures for dementia in the future [5] [6] [7] [8] .
Evidence-based guidelines [9] for treatment of dementia cover a wide variety of treatment options, such as medical, pharmacological, and psychosocial therapy as well as nursing care and others. The prescription of anti-dementia drugs (e.g., acetylcholinesterase inhibitors such as donepezil, galantamine, and rivastigmine or the N-methyl-D-aspartate antagonist memantine) is currently considered the primary medical treatment for dementia [9] . Adequate pharmacotherapy could slow cognitive decline and preserve cognitive abilities [10] , reduce the need for nursing care [11, 12] , and delay institutionalization [13] , all of which are associated with savings in health care costs [11, [13] [14] [15] [16] [17] .
Economic analyses of health care costs in dementia have been the focus of various cost-of-illness (COI) studies [14, [18] [19] [20] [21] [22] [23] [24] [25] [26] . However, so far, little is known on the economics of medication cost themselves [11, 13, [15] [16] [17] . Drug treatment of persons with dementia (PWD) is twice as expensive as drug treatment of nondemented patients [27] . Major cost drivers are both psychotropic and anti-dementia drugs [14] . However, these analyses are likely outdated because the patents of cost-intensive original anti-dementia drugs expired in 2010. Subsequently, supplementary protection certificates prevented implementation of lower-priced generic anti-dementia drugs until 2012. Since then, prescription of generics was possible, and manufacturers estimated potential cost reductions of 30% [28] .
In spite of the cost-intensive treatment with antidementia drugs, overall medication of PWD represents only a small proportion of total health care costs in dementia [14, [18] [19] [20] [22] [23] [24] . Nevertheless, findings of COI studies suggest that medication cost may decrease or at least remain stable during the progression of dementia disease [19, 20, 29, 30] . Lopez-Bastida et al. showed a decrease of the proportion of drug cost by 31% from moderate to severe dementia [29] . The continuously increasing approval of cost-intensive anti-dementia drugs (acetyl-cholinesterase inhibitors in mild to moderate dementia and memantine in moderate to severe dementia) contrasts with findings of these studies [9] . Decreased medication cost could be caused by a decrease in the number of drugs taken, which was also demonstrated by Leicht et al. [20] . This could indicate a less adequate drug treatment of multimorbid PWD. On the other hand cost-intensive anti-dementia drugs may be prescribed less frequently in advanced stages of dementia disease. However, other studies found no significant effects of severity of dementia on health care costs, but instead that deficits in activities of daily living (ADL) and comorbid diseases were associated with higher costs in dementia [31] [32] [33] [34] .
COI studies focusing on medical and formal nursing care costs in dementia are mostly based on secondary data from a payer perspective and do not always capture the real situation of medication. These analyses include only medication on prescription (Rx-drugs) but do not consider additional over-the-counter pharmaceuticals (OTC-drugs) and are based on daily defined dosage and not on the real individual intake of drugs. Hence, an economic analysis of medication cost and an estimation of potential savings due to the current implementation of generic anti-dementia drugs on the basis of primary data are currently missing.
Aims of the study
The objectives of this study are (a) to determine total medication cost, cost per drug, and number of drugs taken by patients screened positive for dementia in primary care in relation to the severity of cognitive impairment; (b) to examine the cost of anti-dementia drugs and to estimate medication cost, under the assumption that the analyzed persons currently receive available generic anti-dementia drugs, by using a model calculation; and (c) to identify socio-demographic and clinical factors associated with medication cost, cost per drug, and number of drugs taken.
MATERIAL AND METHODS

Study design and sample
The present study is a cross-sectional analysis of medication cost of community-dwelling PWD in primary care. Analyses are based on primary data from the ongoing DelpHi-MV trial (Dementia: Lifeand person-centered help in Mecklenburg-Western Pomerania, Germany), a population-based, clusterrandomized, controlled intervention trial in the primary care setting. Eligible patients (older than 70 years, living at home) were screened in participating general practitioner (GP) practices for dementia using the DemTect [35] , which is one of the dementia screening tests most widely used in general practices in Germany [36] . Each patient's caregiver was asked to participate as well. Eligible participants and their caregivers were assigned to an intervention and a control group, respectively, based on their treating GP-practice's randomization into either the control or the intervention group. A comprehensive baseline assessment and an annual follow-up were conducted identically in both groups. Whereas participants of the control group received "care as usual", the intervention group received the "DelpHi-Intervention", which was designed to provide "optimum care" to PWD by integrating multi-professional and multimodal strategies to individualize and optimize the treatment of PWD [37] . Baseline assessment, intervention, and annual followups were carried out by specific qualified dementia care managers [36] [37] [38] .
The baseline assessment included a comprehensive standardized home medication review to assess in detail the actual medication situation of the PWD. The review combined a scan of all medication packages, visitation of places where medication is routinely stored in the PWD's home, a computer-assisted standardized interview, and linkage of the assessed medication with a database covering all available drugs in Germany [37, 39] . The informal caregiver (if present) assisted the PWD in the interview and was asked to validate and complete the information provided. In case of missing data, any available proxies, such as home nursing services, were contacted. The medication review records detailed information about all drugs taken by the PWD, including Rx-and OTC-drugs. In addition, the review included more differentiated data on drugs, in particular the brand name, pharmaceutical registration number, active substance, prescribed package size (N1, N2, N3), individual taken dosage, day and time of drug intake, and intake option (e.g., regular intake, emergency drug, in case of urgent need, no longer needed) [39] . This pharmaceutical information was entered into electronic case reporting forms and stored in a study database [40] .
Overall, n = 2,893 people were screened by 60 GPs, and n = 484 (17%) PWD were eligible for the study. A total of n = 290 (60%) agreed to participate, and n = 268 participants had finished the baseline assessment by September 1, 2013. Sixty-three PWD were excluded from the analyses because of missing data of relevant variables. The primary causes for missing data included dropout due to death (n = 18), withdrawal of informed consent (n = 27), relocation (n = 3), and other reasons (n = 4). In n = 10 patients, the psychometric instruments could not be executed because of the patient's severe dementia. Furthermore, in one patient, medication review was missing. Hence, for the present analyses, data of n = 205 PWD were available. These participants provided data on a total 1,583 drugs, including Rx-and OTC-drugs. For our analyses, 360 drugs were excluded due to the impossibility of cost calculation (168 only as required drugs, one drug in case of an emergency, 98 stopped or further unknown medication, 34 liquid drugs, 49 insulins, and 10 topical medication), leaving 1,223 drugs for analysis: 1,064 (87%) Rx-drugs and 153 (13%) OTC-drugs.
Cost calculations
Pharmacy sales prices were provided by the Pharmaceutical Index of the Scientific Institute of the AOK (Arzneimittelindex des Wissenschaftlichen Institutes der Ortskrankenkassen -WIdO), which is updated and published monthly [41] . By using the pharmaceutical registration number (PZN) [42] , the documented drugs can be directly assigned to the pharmacy sales prices. To evaluate medication cost, a daily dose for each drug taken by PWD was calculated. To account for drugs taken less than daily (factor = 1), the following factors were used to assess the daily intake: every other day (factor = 0.5), two times a week (factor = 2/7), once a week (factor = 1/7), every two weeks (factor = 1/14), once every month (factor = 1/30), or individual (factor = 1/7 * number of intakes per week). Therefore, a conversion of price per package to price per tablet was conducted. By multiplying price per tablet and daily intake per drug, daily cost per drug was calculated. To calculate medication cost per month, the daily cost was multiplied by 30 days. Additionally, cost per drug was calculated as an average price of all drugs taken by one PWD by dividing monthly medication cost by number of drugs taken. To estimate the cost effect of implementing generic drugs, we assigned the most favorable equivalent generic anti-dementia drug to each original anti-dementia drug (active substances memantine, galantamine, rivastigmine, and donepezil). The allocation was based on the strength of each medication and its prescribed package size.
Socio-demographic and clinical variables
To analyze the associations of monthly medication cost, average cost per drug and number of drugs taken with clinical and socio-demographic factors from the baseline assessment, age, gender, living situation, cognitive impairment, activities of daily living, comorbidity (number of medical diagnoses), depression, and number of in-hospital stays during the last year were included. Severity of cognitive impairment was assessed by the Mini-Mental Status Test (MMST) [43] , a psychometric testing procedure to categorize participants into one of four groups of cognitive impairment: without (≥ 27), mild (20) (21) (22) (23) (24) (25) (26) , moderate (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) , and severe (≤ 9). The Bayer Activities of Daily Living Scale (B-ADL) [44] was used to assess deficits in activities of daily living (ADL). Medical diagnoses were obtained from medical records of the treating GP as ICD-10 codes (International Statistical Classification of Diseases and Related Health Problems). In this study, data were combined into simple count scores of diagnoses. Numbers of diagnoses were counted by using the three-digit general scheme (e.g., F01, F02, F03, etc.). Further, the Geriatric Depression Scale (GDS), summarized as a total score [45] , and the number of in-hospital stays during the last year (dichotomus: yes/ no) were used in the models.
Statistical analysis
We used descriptive statistics to analyze total medication cost, cost per drug, and number of drugs taken in PWD with mild, moderate, and severe cognitive impairment. Differences in costs and number of drugs taken between groups of severity were examined using the nonparametric Kruskal-Wallis test. To measure associations of ADL, comorbidity and cognitive impairment with monthly medication cost, a multiple linear regression model was fitted. Gender, age, living situation (dichotomous: alone versus not alone), in-hospital stay during the last year (dichotomous: yes/ no) and depression measured by GDS were included as covariates. To account for dependency of data from multiple PWD of the same GP, we included random effects for each GP. Because of a highly skewed distribution of monthly medication cost, standard errors and confidence intervals for regression coefficients were estimated by bootstrapping (2,000 replications) [46] . The same statistical model was fitted with cost per drug as outcome. Number of drugs taken was treated as a Poisson-distributed count variable. We fitted a Poisson regression model with random effects for each GP to analyze the associations of ADL, comorbidity, in-hospital stay and cognitive impairment with the number of drugs taken. To control for sociodemographic characteristics, the same covariates (age, gender, living situation) were included. For standard error estimation, the observed information matrix was used, which is one of the standard procedures. Statistical analyses were performed using the software STATA/IC version 11.0 [47] .
RESULTS
Socio-demographic and clinical characteristics
A sample of n = 205 PWD was analyzed. Table 1 presents the sample characteristics. Overall, 64%
(n = 132) of the study participants were female. At baseline, PWD were on average 79.6 (SD 5.35) years old. More than half of the sample (n = 106; 51.7%) lived alone in their own household. The mean MMST score was approximately 21.9 (SD 5.38), and males and females had similar mean scores and score distributions. The majority of analyzed PWD (n = 104; 50.7%) were mildly cognitively impaired, compared to n = 49 (23.9%) moderately and n = 7 (3.4%) severely cognitive impaired. The remaining n = 45 (22.0%) were not cognitively impaired according to the MMST. A detailed description of participants' socio-demographic and clinical variables referring to different stages of cognitive impairment is represented in the Supplementary  Table 1 . The mean B-ADL score was 3.56 (SD 2.38), with a range of 1 (not at all impaired) and 9.92 (severely impaired). The mean GDS value was 3.46 (SD 2.63), which was below the limit of depression (score ≥ 6). On average, PWD had 9.24 (SD 4.76) diagnoses according to ICD-10. Overall, n = 48 (23.4%) reported an in-hospital stay during the last year. In total, n = 59 (28.8%) PWD received anti-dementia drugs. These participants were younger (mean age: 78.45 versus 80.03), significantly more impaired (mean MMST-value: 19.74 versus 22.75; p value <0.001) and thus, significantly (p value <0.001) more represented in higher stages of cognitive impairment compared to PWD without an anti-dementia drug treatment.
Medication cost, cost per drug, and number of drugs taken
The unadjusted average medication cost, cost per drug and number of drugs taken by communitydwelling PWD in primary care are presented in Table 2 (SD 109.5) in PWD with severe cognitive impairment. Accordingly, medication cost in severely cognitively impaired PWD was about onethird higher than in mildly cognitively impaired PWD. Significant group differences were found for cost per drug (p = 0.005) and number of drugs taken (p = 0.001). 
Cost of anti-dementia drugs and impact of price change due to introduction of generics
In this analysis, 77 (77%) drugs for the nervous system (ATC code "N") ranked among the hundred most cost-intensive drugs, and half of these were anti-dementia drugs (ATC code N06D). As described before, a total of n = 59 (28.8%) PWD received anti-dementia drugs (acetyl-cholinesterase inhibitors or N-methyl-D-Aspartate antagonists). Another n = 7 (3.4%) who received herbal anti-dementia drugs such as Ginkgo biloba were not categorized into this group. Forty-four (74.6%) of these PWD received original and n = 15 (25.4%) generic anti-dementia drugs. Regarding different stages of cognitive impairment, 24.0% (n = 25) of participants with mild, 46.9% (n = 23) of participants with moderate and 57.1% (n = 4) of participants with severe cognitive impairment received anti-dementia drugs. The average medication cost of PWD who receive an anti-dementia drug was D 164.12 (SD 93.1) with a proportion of 58.7% attributable to the anti-dementia drugs. By contrast, the medication cost of PWD who did not receive anti-dementia drugs was D 91.47 (SD 92.7). In the total sample, anti-dementia drugs represented 4.8% of the total number of drugs but 24.7% of the total costs. Medication cost and its share of cost for anti-dementia drugs in relation to stages of cognitive impairment are demonstrated in Fig. 1 .
Possible cost reductions due to prescription of generic anti-dementia drugs were observed for the sub- Table 3 shows the results of the mixed regression models, which analyzed the associations between medication cost, cost per drug, and the number of drugs taken and socio-demographic and clinical variables. Total medication cost of PWD was positively associated with deficits in ADL (b = 9.56; p = 0.006) Fig. 1 . Medication costs per month and cost for anti-dementia drugs (percentage in parentheses) for participants with (n = 59) and without (n = 146) anti-dementia drug treatment. PWD, persons with dementia; ADD, anti-dementia drug treatment. 
Associations between medication cost, cost per drug and number of drugs taken and socio-demographic and clinical variables
DISCUSSION
Total medication cost is higher in PWD with moderate (D 118.09) and severe (D 136.93) compared to mild cognitive impairment (D 108.19) . Our results are consistent with previously published COI studies [18, 20, 30] . Schwarzkopf et al. [18] estimated, on the basis of secondary data, a monthly medication cost of D 127 in PWD with mild and D 149 with moderate dementia. Leicht et al. [20] measured a medication cost of D 116 in PWD with mild and D 148 in PWD with moderate dementia on the basis of a questionnaire. Minor differences in costs could be attributed to the different age of the study populations, the respective methods of cost calculation and allocation of people to the categories of dementia severity. Our results are not consistent with previous reports of considerably lower medication cost in severe dementia [19, 20, 29, 30] , which could be due to the high proportion (51.7%) of our patients who received high-priced anti-dementia drugs and the high average number of ICD-10 diagnoses of our severely impaired patients.
Medication cost is associated with activities of daily living, comorbidity, and age. Our results suggest an increase of medication cost with progression of impairment in activities of daily living and an increasing number of diagnoses. These results are consistent with results of previously published studies. Across these studies, functional impairment was in particular associated with higher cost of care, especially with medical cost in dementia [31] [32] [33] [34] . Zhu et al. [33] found a significant association between comorbidity and medical cost in dementia, but it must be kept in mind that medication cost is only a small proportion of total medical cost. In addition, we found a negative association with age, which indicates decreasing medication cost with increasing age of PWD. It would be reasonable to expect that number of diagnoses, number of prescribed drugs and consequently medication cost will increase with age. However, in our sample no correlation between age and cognitive impairment or age and number of diagnoses was observed. This could be attributable to the small number of participants above age 70. Another reason could be our specific sample of PWD, who were living at home predominantly in sparsely populated rural regions in Mecklenburg-Western Pomerania. This could lead to reduced mobility and restricted access to out-patient medical care, particularly for PWD in old age [41] . Furthermore, age-related changes of pharmacokinetics and pharmacodynamics could result in a less favorable benefit-risk assessment for medication of the general practitioner [48, 49] and, consequently, in lower medication cost in old age.
Within the domain of medication cost, anti-dementia drugs were the crucial cost drivers. A prescription for an anti-dementia drug almost doubles medication cost of PWD (D 164.12 versus D 91.47), meaning anti-dementia drugs made up 59% of our PWD's medication cost. These findings are consistent with results of Kiencke et al. [14] , who determined medication cost of D 147.17, with a share of 58% for memantine in a sample of anonymized data of patients with Alzheimer's disease who were insured by a large German statutory health insurance company. Thus, prescription of generic anti-dementia drugs could result in a less costly drug treatment of PWD, particularly in PWD with moderate and severe cognitive impairment. This estimation is based on the current price reduction of generic versions versus the original anti-dementia drugs, such as memantine (−54%), galantamine (−56%), donepezil (−91%), and rivastigmine (−29%). On the one hand, these theoretical savings are overestimated because prescription choices of anti-dementia drugs will not be solely based on the most economically advantageous tender. Instead, it should rather be expected that in the future, drug prescription will be a mixture of both cost-intensive original and economically more favorable generic anti-dementia drugs. Demonstrated real and estimated medication costs could be interpreted as a plausible range of medication costs of community-dwelling PWD in future. On the other hand, it is possible that prescription of anti-dementia drugs will increase due to currently available generics. Therefore, our analysis does not allow for a reliable prediction of medication cost of PWD who do not currently receive anti-dementia drugs. Furthermore, positive effects of medication treatment with anti-dementia drugs, such as preservation of cognitive abilities [10] , reduced need for care [11, 12] or a delay of institutionalization [13] , could occur more often. These effects could reduce formal and informal health care cost of PWD. From a health-economic perspective, the replacement of original substances with generic anti-dementia drugs should be supported. The development of total medication costs for PWD should be monitored.
People with higher levels of cognitive impairment received a drug regimen with fewer but more expensive drugs. Descriptive statistics showed that people with severe cognitive impairment received on average only 2.71 (SD 1.89) drugs with an average cost per drug of D 60.04 (SD 54.18). In contrast, people with mild cognitive impairment received on average 6.28 (SD 3.43) drugs with a cost per drug of approximately D 18.42 (SD 15.47) . Therefore, in our analysis, increasing cognitive impairment was associated with higher cost per drug and fewer drugs taken. Effects of cognitive impairment on total formal or informal health care costs could not be determined validly in previous studies [31] [32] [33] [34] . However, the progression of dementia disease is accompanied by gradual deterioration in specific cognitive functions, such as ability to speak (aphasia), motoric capabilities (apraxia), and awareness (agnosia), and a higher prescription rate of anti-dementia drugs [9] . This could be the reason for a drug treatment with only the most essential and the most expensive drugs in moderate and, particularly, in severe cognitive impairment. Nevertheless, a less comprehensive pharmacotherapy might be inadequate for multimorbid PWD with moderate and severe cognitive impairment. The average number of ICD-10 diagnoses (mean = 9.24) underlines the considerable multimorbidity of PWD in our sample. The significant negative association of cognitive impairment with number of drugs taken and cost per drug could implicate an inadequate drug treatment of multimorbid PWD. This should be investigated in further studies.
